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RETRIEVABLE SEPTAL DEFECT CLOSURE DEVICE 
Field of the Invention 

The present invention generally relates to minimally invasive devices for 
occluding a defect and has particular utility in connection with occluding defects in 
5 septa, such as atrial septal defects. 

Background of the Invention 

Considerable efforts have been made to develop remotely deployable 
occluding devices which can be used to occlude body passageways without 
requiring significant surgical intervention. A number of researchers have 
10 attempted to develop a safe, reliable device which can be deployed through a 
catheter to occlude a septal defect, such as atrial and ventricular septal defects in 
the heart. Many of the same devices are used in connection with occluding patent 
ductus arteriosis (PDA) defects. 

One of the first practical systems for reliably occluding septal defects using 
15 a transcatheter approach was developed by Dr. Gladwin S. Das and is described 
in US Patents 5,334,217 and 5,578,045 (the teachings of both of which are 
incorporated herein by reference). All of the devices designed for minimally 
invasive septal defect occlusion prior to Das' development were cumbersome and 
relatively difficult to deploy. Most of them were also mechanically complex, 
20 greatly increasing the chance of mechanical failure. The simplicity of the Das 
design greatly facilitated delivery and reduced the likelihood of any mechanical 
failure of the device. 

Briefly, the Das occluder includes a pair of occluding disks attached to one 
another. In one embodiment illustrated in that patent, each of the disks comprises 
25 a membrane with an elastically deformable frame carried about its periphery. The 
frame is capable of being collapsed so the device may be delivered through a 
catheter, but is said to be flexible enough to elastically deploy the membrane upon 
exiting the catheter. The central portions of the two membranes may be attached 
to one another to define a central "conjoint disk." 
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In deploying the Das device, the frames of the two disks are collapsed and 
the device is inserted into the distal end of a delivery catheter. The catheter is 
passed through the septal defect to be occluded and the first of the two disks is 
urged out of the catheter for elastic deployment. The second disk is then urged 
5 out of the distal end of the catheter on the other side of the defect to position the 
central conjoint disk within the defect to be occluded. 

While the Das device has proven to be a remarkable advance over the 
state of the art, it has become clear that some further refinements may be 
advantageous. In particular, the Das device can be a little difficult to retract once 

10 deployed. The Das patents discuss a system for holding the occluder on the 
distal end of the delivery device using a tether. This permits an operator to retain 
hold of the device in the event of an improper deployment so the device does not 
float free within the patient's heart or vascular system. Unfortunately, though, it 
has proven relatively difficult to reliably and safely retract an inappropriately 

15 deployed device back into the lumen of the delivery catheter. While it may be 
possible to retract the right occluding disk (the second disk to exit the catheter) by 
retaining a grip on the frame of that disk, it can be much more difficult to retract 
the left disk (the first occluding disk to be deployed) back into the catheter. 

A number of other researchers have attempted to provide improved 
20 occlusion devices which can be delivered through a transcatheter approach. For 
example, in U.S. Patent 5,741,297, Simon discloses a device which has a series 
of arms used to stretch two separate pieces of fabric. In addition to the single wire 
joining both of the membranes, the membranes are bonded directly to one 
another, with the bond being spaced well inwardly of the frame. (This relationship 
25 is perhaps best seen in Figures 2 and 3.) Simon does not discuss in any detail 
how this device would be retracted if improperly deployed. 

Shaw et al. propose a system for manufacturing occlusion devices which 
are based on some of the same concepts underlying the Das occluder. In 
particular, in US Patent 5,879,366, Shaw et al. utilize a pair of membranes which 
30 are deployed utilizing a wire frame (38 and 54). These two membranes are joined 
together at an "attachment point 70" which is formed by sintering a relatively small 
disk 48 of a bonding polymer. As best seen in Figure 6B, this attachment point is 
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spaced well inwardly of the two frames and represents a relatively small portion of 
the overall surface area of the occlusion device. This can make it more difficult to 
center the device within the defect. This also appears to make it more difficult to 
retract the device back into a catheter once the second disk has been deployed. 

5 Summary of the Invention 

The present invention provides a septal defect closure device which can be 
used to occlude abnormal body openings, such as septal defects, patent ductus 
arteriosis or perforations through the wall of a body organ. This device represents 
an improvement over the Das device in that it can be more readily retracted into a 
w catheter after it has been deployed. 

In one particular embodiment, the present invention provides a septal 
defect closure device which includes a first occluding disk having a first flexible 
membrane attached to a first frame and a second occluding disk having a second 
flexible membrane attached to a separate second frame. The first frame has at 

15 least two outwardly extending loops joined to one another by flexible joints, with 
the loops being attached to the first membrane to define taut fabric petals when 
the first disk is in a deployed configuration. A central portion of the first membrane 
is attached to a central portion of the second membrane to define a joining 
segment, which is preferably a conjoint disk. The flexible joints of the first frame 

20 are received within the conjoint disk, which greatly simplifies the process of 
withdrawing the first frame into a catheter for retrieval. 

The frame of the second disk may be shaped similarly to the frame of the 
first disk and have two or more joints received within the conjoint disk. 
Alternatively, the second frame can be attached to the second membrane entirely 
25 outside the conjoint disk. 

In a somewhat different embodiment, the invention provides a septal defect 
closure device having first and second occluding disks, with each disk comprising 
a flexible, biologically compatible membrane and a frame for elastically deploying 
the membrane. A central portion of the membrane of the first disk is joined to a 
30 central portion of the membrane of the second disk to define a flexible joining 
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segment having a collapsible periphery. Preferably, the frame of the first disk and 
the frame of the second disk are formed from separate lengths of resilient wire. 
The frame of the first disk in a deployed configuration defines at least two petals 
joined to one another via at least two flexible joints, with the petals of the deployed 
5 first disk extending outwardly from the joining segment to elastically deploy the 
first membrane. The flexible joints of the first frame are positioned within the 
periphery of the joining segment. 

In a related embodiment, a septal defect closure device includes a first 
occluding disk having a first flexible membrane attached to a first frame and a 

10 second occluding disk having a second flexible membrane attached to a separate 
second frame. A central portion of the first membrane is joined to the central 
portion of the second membrane to define a flexible joining segment having a 
collapsible periphery. The first frame is attached to the first membrane such that 
in its deployed configuration it will define at least two petals of taut fabric joined to 

D each other by at least two flexible joints. Again, the flexible joints of the first frame 
are positioned within the periphery of the joining segment. 

Brief Description of the Drawings 

Figure 1 is a schematic cross sectional side view of one embodiment of a 
septal defect closure device of the invention; 

20 Figure 2 is a proximal end view of the septal defect closure device of Figure 

1 prior to placement in a patient's body; 

Figure 3 an end view of the frame of the proximal occluding disk of Figure 

2; 

Figure 4 is a distal end view of the frame of the distal occluding disk of 
25 Figures 1 and 2; 

Figure 5 is a proximal end view of an alternative embodiment of the 
invention; 

Figure 6 is an end view of the frame of the proximal occluding disk of the 
device of Figure 5; 
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Figure 7 is an isolation view of a proximal occluding disk in accordance with 
a preferred embodiment of the invention; 

Figure 8 illustrates one of two frames used in deploying the disk illustrated 
in Figure 7; 

5 Figures 9-1 1 schematically illustrate deployment of a septal defect closure 

device in accordance with one embodiment of the invention; 

Figures 12 and 13 schematically illustrate retraction of the previously 
deployed septal defect occlusion device shown in Figure 1 1 . 

Detailed Description of the Preferred Embodiments 

10 Figures 1-4 illustrate a septal defect occlusion device 10 in accordance with 

one embodiment of the invention. This septal defect occlusion device includes a 
proximal occluding disk 20 and a distal occluding disk 30. The proximal occluding 
disk 20 desirably comprises a flexible, biocompatible membrane 22 and a 
proximal frame 24. While this proximal occluding disk can take on any desired 

15 shape, it is illustrated as being generally square and having the frame 24 extend 
generally about the periphery of the membrane 22. A variety of other shapes may 
be selected for this disk 20, depending on the intended application. For example, 
Figures 5A-5F of the Das patents, incorporated by reference above, suggest a 
series of possible shapes. 

20 The membrane 22 of the proximal occluding disk is preferably formed of a 

thin, flexible material, such as a fabric which may be folded taut without being 
damaged. Elastic polymeric materials such as nylon, polyester, polypropylene, 
polytetrafluoroethylene and expanded polytetrafluoroethylene, as well as natural 
fabrics such as silk, should meet the requirements of the membrane. In one 

25 embodiment which has been found to work well, the membrane 22 is formed of a 
woven polyester: 

The proximal frame 24 is attached to and extends substantially around the 
periphery of the proximal membrane 22. When the frame 24 is in its natural 
deployed or non-deformed state, its serves to hold the membrane 22 taut. In the 
30 absence of any interference (such as from the septum S in Figure 1 ) the frame 24 
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will tend to pull the membrane 22 into a taut, generally planar shape and the two 
occluding disks 20, 30 will abut against one another. 

The proximal membrane 22 may be attached to the proximal frame 24 by 
any suitable means. For purposes of illustration, Figure 2 shows the frame 24 
5 stitched to the fabric membrane 22, with loops of the stitching extending about the 
wire of the frame. If so desired, though, the membrane may be directly attached 
to the frame by means of an adhesive. If the membrane 22 is formed of a 
thermosetting polymeric material (e.g., nylon), the peripheral edge of the 
membrane may be wrapped around the frame and fused to the body of the 
10 membrane by means of heat sealing or the like. 

The proximal frame 24 desirably comprises a plurality of elongate legs 26, 
with each leg being flexibly connected to another leg at each end. Any suitable 
number of legs may be employed, but the proximal frame 24 of Figures 1-3 
utilizes 8 legs. Each side of the square frame 24 is defined by a pair of legs 26 
15 generally longitudinally aligned with one another. 

The legs 26 of the frame 24 may be connected to one another in any useful 
fashion. In the illustrated embodiment, the legs 26 are connected to one another 
by resilient eyelets 28, with one end of the loop-like eyelet attached to each leg. 
The eyelets 28 may lay in generally the same plane as the legs. These eyelets 
20 are desirably formed to function as torsion springs, biasing the legs to which they 
are attached outwardly into the position illustrated in Figures 2 and 3. This helps 
ensure that the frame will elasticaily substantially return to its initial configuration 
even after it has been collapsed and delivered through a catheter, as discussed 
below in connection with Figures 9-11. 

25 Optimally, the proximal frame 24 is formed integrally of a single elongate 

strand of wire. Each of the legs 26 may simply comprise a length of this wire and 
the wire may be twisted between adjacent legs to define the eyelets 28. The ends 
of the wire may be attached to one another in any secure fashion, such as by 
welding or a suitable biocompatible cementitious material. The frame 24 should 

30 be formed of a flexible, elasticaily deformable material, such as a metal. In a 
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particularly preferred embodiment, the wire comprising the frame is formed of a 
superelastic material, such as nitinol. 

The septal defect occlusion device 10 of Figures 1-4 also include a distal 
occluding disk 30. In the illustrated embodiment, the proximal occluding disk 20 is 
5 generally square while the distal occluding disk 30 is generally circular in shape. 
The distal occluding disk 30 comprises a distal membrane attached to or carried 
by the distal frame 34. The distal membrane 32 is preferably formed of the same 
type of material as the proximal membrane. If so desired, one could form each 
membrane out a different material to achieve a specific design objective. 

10 Whereas the proximal frame 24 extends generally about the periphery of 

the proximal occluding disk 20, the distal frame 34 takes a more circuitous path. 
As best seen in figure 4, this distal frame 34 comprises 4 equiangularly spaced 
loops 36 connected to one another by means of flexible joints 40. In particular, 
each loop 36 is flexibly connected to another loop at each of its ends by such a 

15 joint. In the illustrated embodiment, each of these flexible joints comprises a bend 
in the wire defining the frame. If so desired, eyelets such as those shown at 38 
may be included in these flexible joints 40 to further enhance their tendency to 
restore the device to the natural, non-deformed shape shown in Figure 3. If so 
desired, each of the loops 36 may comprise two symmetrical halves, with each 

20 half being joined to the other by means of an eyelet 38. These eyelets would 
serve essentially the same function as the eyelets 28 mentioned above in 
connection with the proximal occluding disk 20. 

Each of the loops 36 of the distal frame 34 should be attached to the distal 
membrane 32 so that when the loop radially expands into its deployed state, it will 

25 pull the membrane relatively taut. Optimally, the membrane is attached to the 
wire of the frame 34 along most of the frame's length. This can be accomplished, 
for example, by sewing the fabric membrane to the loops 36. When the loops are 
fully deployed, they will tend to pull the fabric extending over the loop relatively 
taut. This will define a petal for each loop. As a consequence, one may view the 

30 proximal disk 30 as a series of four equiangularly spaced petals joined to one 
another by the flexible joints 40 and by the membrane 32. There is some 
additional fabric extending between the adjacent petals, but the attachment of the 
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membrane to the petals will help pull this interstitial fabric relatively taut even 
though the frame does not extend around the periphery of these interstitial areas. 
Pulling these interstitial fabric areas taut against the septum S reduces the 
chances that blood will freely shunt across the defect between the petals after the 
5 device is deployed. 

The proximal and distal occluding disks 20, 30 are joined to one another so 
the device can be readily deployed as a single unit without requiring assembly in 
situ. In particular, a central portion of the proximal membrane 22 is joined to a 
central portion of the distal membrane to define a flexible joining segment having 

10 a collapsible periphery. In the illustrated embodiment, this joining segment takes 
the form of a conjoint disk where the two membranes overlap and are directly 
attached to one another. In the illustrated embodiments, the central portions of 
the membranes are attached directly to one another to define a conjoint disk 50, 
but it should be understood that these membranes need not be directly attached 

15 to one another or define a conjoint disk to define a suitable joining segment. 

The membranes 22, 32 may be affixed to one another by any desired 
means, such as by using a biocompatible adhesive. The adhesion between the 
two central membrane portions should be strong enough to ensure that the two 
disks will not become separated from one another during handling and 

20 deployment of the closure device. In the illustrated embodiments, the membranes 
are sewn to one another, with the stitching defining the shape and size of the 
conjoint disk. If the membranes are formed of an appropriate polymeric material 
their central portions may instead be fused by one another by heat sealing or the 
like. To ensure a better grasp of the flexible joints 40 of the distal frame 34 (as 

25 discussed below), however, it is preferred that the disks be sewn together even if 
they are fused to one another. 

If so desired, the membranes 22, 32 may be formed of a thin, highly flexible 
material and the conjoint disk may include another piece of material (not shown) 
such as polyurethane or nylon between the two membranes. This extra piece of 
30 material may be sewn or otherwise bonded to the membranes to define a more 
complex conjoint disk. The additional material may be of any size, but it is 
optimally about the same size as the conjoint disk or slightly larger. This 



WO 01/17435 PCT/US99/20430 

9 

additional piece of material may be coated with a thrombogenic material or the like 
to more rapidly occlude the defect. 

The conjoint disk 50 may be of any desired shape. A general circular 
shape such as that shown in the drawings has been found suitable. To facilitate 
5 relatively quick closure of the defect and to better center the device during 
deployment in a beating heart, the conjoint disk 50 is desirably sized to 
substantially fill the defect being occluded, but should not be substantially larger 
than the defect. Although the size of septal defects tends to vary, most atrial 
septal defects are smaller than 25mm in diameter. Accordingly, it is contemplated 
10 that a variety of septal defect occluding devices having central conjoint disks 50 
ranging in size from about 5 to 30 mm will be provided. A surgeon may measure 
the size of the defect by known means, e.g., using a balloon catheter filled with a 
contrast medium, and select a closure device having a conjoint disk of the 
appropriate size. 

15 It is also desirable that the disks 20, 30 be at least 1 .33 times the size of 

the defect, and preferably range from about 1.33 to 2.5 times the size of the 
defect. For example, to patch a 10 mm defect, a septal defect occluding device 
10 having a central conjoint disk 50 of about 10 mm in diameter and a proximal 
occluding disk of about 25 mm in maximum dimension may be selected. 

20 As best seen in Figure 2, the flexible joints 40 of the proximal frame 34 are 

received within the conjoint disk 50. It is preferred that the flexible joints be 
attached to the first and second membranes and become a part of the conjoint 
disk. This can be accomplished in any fashion. For example, if the conjoint disk 
is made by fusing the two membranes to one another, the portion of the conjoint 

25 disk may extend radially beyond each flexible joint such that the two membranes 
are fused to one another between adjacent loops 36, helping retain the joints 40 
within the conjoint disk. 

In the illustrated embodiment, though, the stitching which is used to provide 
the conjoint disk 50 with a collapsible periphery also attaches the frame 34 to the 
30 conjoint disk. In particular, at least one stitch covers at least one portion of the 
distal frame 34 to help retain the flexible joints within the conjoint disk. While the 
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flexible joint could extend farther into the conjoint disk, Figure 2 illustrates a device 
wherein one or two stitches covers each of the flexible joints 40 to ensure that 
they stay in place. As noted above, the flexible joints 40 may include eyelets 
similar to the eyelets 38 included in the loops 36. If such eyelets (not shown) are 
5 used, one may pass at least one stitch through the orifice of at least one of these 
eyelets (and desirably pass at least one stitch through each such orifice) to hold 
the eyelets in place. 

Figures 5 and 6 illustrate an alternative embodiment of the invention. This 
central defect occluding device 10' also includes proximal and distal occluding 
10 disks. The distal occluding disk 30 may be substantially the same as that used in 
the embodiment of Figures 1-4. The proximal occluding disk 60, though, utilizes a 
notably different frame 64. 

The square proximal frame 24 of Figures 1-3 is carried about the periphery 
of the proximal membrane and is attached to that membrane entirely outside the 

15 conjoint disk. The proximal occluding disk 60 of Figure 5 includes a modified 
frame 64. The frame 64 includes a pair of generally diametrically opposed loops 
66 which extend outwardly from the conjoint disk. The two loops 66 are attached 
to one another by flexible joints 62, with one joint attaching each end of each loop 
to an end of the other loop. The loops 66 include spring-type eyelets 68 at their 

20 respective apices to further assist in deploying the proximal occluding disk a 60. 
The membrane of the proximal occluding disk 60 may be of any desired shape. If 
so desired, for example, the membrane may be generally circular in shape and 
have a diameter which is approximately the same as the maximum dimension of 
the frame 64 (i.e., the distance between the two eyelets 68). While the efficacy of 

25 this approach is still being considered, the membrane may instead take the shape 
of the frame 64 such that the frame extends about the periphery of the membrane, 
not unlike the proximal frame 24 of the proximal disk 20 shown in Figures 1-4. 

Much like the distal frame 34, the flexible joints 62 of the proximal occluding 
disk 64 are included within the conjoint disk 50. As best seen in Figure 5, these 
30 flexible joints 62 may be positioned immediately adjacent an opposed pair of 
flexible joints 40 on the frame 34. When the conjoint disk 50 is sewn, stitches 
used to tie down these opposed flexible joints 40 can also pass over the flexible 
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joints 62 of the proximal occluding disk 60. This will both simplify manufacture 
and help provide a fairly direct connection between the frame 64 of the proximal 
occluding disk 60 and the frame 34 of the distal occluding disk 30. As will be 
explained below, such a connection within the conjoint disk can greatly aid in 
5 retracting the device back into a catheter if it is not properly deployed the first 
time. 

Figures 7 and 8 illustrate an alternative embodiment of a distal occluding 
disk which may be used in connection with the invention. For purposes of clarity, 
the proximal occluding disk has been omitted from Figure 7, but the stitching 
10 which would define the conjoint disk of this device has been shown to illustrate 
how the stitching would attach the frames to the conjoint disk. 

The distal occluding disk 80 shown in Figure 7 has two distal frames 84a 
and 84b attached to the distal membrane 82. Figure 8 illustrates one of these two 
frames, namely frame 84a. This frame includes a pair of diametrically opposed 

15 loops 86a joined together by means of flexible joints 89a. If so desired, spring-like 
eyelets 88a may be provided at the apex of each loop 86a to aid in deployment. 
Comparison of Figure 8 to Figure 6 will highlight the significant structural and 
functional similarities between the proximal frame 64 shown in Figure 6 and the 
distal frames 84a and 84b shown in Figure 8. The primary difference between 

20 these two designs relates to the shape of the loops (66 in Figure 6 and 86a and 
86b in Figure 8). It should be understood, though, that this difference between the 
two frames in the drawings is more to illustrate the variety of shapes which can be 
used to achieve similar function rather than to achieve some significantly different 
design objective. 

25 The two distal frames 84a and 84b are attached to the membrane 82 such 

that they are oriented generally perpendicularly to one another. With just two 
frames, this will ensure that four loops extend generally radially outwardly from the 
conjoint disk spaced equiangularly on the membrane. The flexible joints 89a and 
89b can be stitched to the conjoint disk at 90 degree intervals to enhance the 

30 symmetry of the forces acting on the conjoint disk and the force with which the 
conjoint disk will act on the frames 84a and 84b. 
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Figures 9-1 1 schematically illustrate the process of deploying the septal 
defect occluding device 10 of Figures 1-4 in a septal defect. Prior to deployment, 
the occluding device 10 is inserted into the distal end of a catheter C by collapsing 
the frames 24, 34 of the occluding disks 20, 30. While this can be done manually, 
5 it is preferred that the eyelets 28 be used to assist in its insertion. In particular, a 
pair of drawstrings D may be passed through the eyelets, such as by passing one 
drawstring through a pair of eyelets in the middle of two opposite sides of the 
frame and passing the other drawstring through the eyelets in the middle of the 
other two legs. By pulling these drawstrings D proximally into the catheter C, one 
10 can facilitate entry of the first disk into the lumen of the catheter C. Continuing to 
retract the drawstrings D proximally will collapse the distal occluding disk 30 within 
the catheter C, as well. Alternatively, the occluding device 10 may be introduced 
in the proximal end of the catheter and urged distally along the entire length of the 
catheter until it is near the catheter's distal end. 

15 Before or (more preferably) after insertion of the occluding device 10 into 

the catheter C, the distal tip of the catheter C is positioned adjacent the defect in 
the septum S to be occluded. A distal portion of the catheter C should extend 
through the defect to position the distal tip of the catheter C on the distal side of 
the defect, as shown in Figure 9. If the occluding device is introduced into the 

20 proximal end of the catheter and advanced to the catheter's distal end, this is 
preferably done before positioning the catheter so the distal tip of the catheter C 
will not be inadvertently moved as the device is advanced. 

Once the catheter C is properly positioned across the defect, the distal 
occluding disk 30 is urged out of the distal end of the catheter C. With the 

25 constraint of the catheter walls removed, the frame 34 will elastically substantially 
return to its initial, non-deformed shape (best seen in Figures 2 and 4) and pull the 
membrane taut. The catheter C may then be retracted, retaining the proximal 
occluding disk 20 within the catheter until the distal occluding disk engages the 
distal side of the septum S as depicted in Figure 10. Since the disk is significantly 

30 larger than the defect, the frame will engage the septum S. The proximal 
occluding disk 20 may then be urged out of the distal end of the catheter C on the 
proximal side of the defect. This may be accomplished by any number of means, 
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such as by urging the disk with a plunger or gingerly retracting the catheter C 
proximally. Maintaining a light tension on the conjoint disk will both help draw the 
proximal occluding disk 20 out of the catheter and ensure that it deploys on the 
proximal side of the defect rather than popping through the defect to deploy on the 
5 distal side. 

Upon exiting the distal end of the catheter C, the resilient proximal frame 24 
will elastically substantially return to its initial, non-deformed shape (Figures 2 and 
3) and pull the membrane 22 taut. In so doing, the proximal disk 20 will be urged 
against the proximal wall of the septum S, as shown in Figure 11. This will also 

10 automatically position the conjoint disk 50 within the defect as the conjoint disk 
serves to connect the distal occluding disk 30, which is disposed on one side of 
the septum S, to the proximal occluding disk 20, which is disposed on the other 
side of the septum S. If the physician is satisfied with the location and sizing of 
the septal defect occlusion device 10, he may withdraw the drawstrings D and 

15 retract the catheter, leaving the device in place on the septum S. If two 
drawstrings are passed through opposed pairs of eyelets 28 in the frame 24, as 
described above, the drawstrings can be removed simply by releasing one end of 
each drawstring and pulling the other end of the drawstring proximally to remove 
the string from the eyelets and thence out of the patient's body. 

20 In many respects, the deployment of this device is fairly similar to the 

deployment of the DAS device as set forth in U.S. Patents 5,334,217 and 
5,578,045, incorporated by reference above. One difference between the present 
invention and the Das device is the ease with which a septal defect occlusion 
device can be retracted into a catheter after it has been deployed. 

25 Figures 12 and 13 schematically show the deployed septal defect occlusion 

device of Figure 11 being retracted into the catheter C. In clinical practice, this 
can be done for any number of reasons. For example, if a physician selects an 
inappropriately sized occlusion device, he or she may want to withdraw the 
deployed device and replace it with a differently sized device. The physician may 

30 also want to withdraw a device 10 if it is initially deployed improperly so the same 
device can be redeployed properly. 
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In Figure 12, the proximal occluding disk 20 is being retracted into the distal 
end of the catheter using the drawstrings D. In so doing, the physician can pull 
equally on each of the four drawstring ends while advancing the catheter toward 
the device 10. This will guide the eyelets to which the drawstrings are attached 
5 into the end of the catheter. Since the lumen of the catheter is smaller than the 
deployed frame 24, the catheter walls will collapse the rest of the proximal frame 
24 to guide it relatively smoothly into the lumen of the catheter. 

In Figure 13, the catheter C has been advanced distally through the defect 
so the catheter's distal end is positioned on the distal side of the septum S. This 
10 facilitates retracting the distal occluding disk 30 into the catheter without 
unnecessary trauma to the septum. 

In retracting the distal disk into the catheter, the only hold the physician has 
on the disk 30 is via the conjoint disk 50. In the original Das designs, the frame of 
both disks is always spaced outwardly from the segment joining the two 
15 membranes to one another. As a consequence, as the conjoint disk is being 
withdrawn into the catheter, it must transmit the force necessary to collapse the 
frame through the entire fabric of the membrane. 

Figures 9-11 are simplified schematic illustrations and are not drawn to 
scale. In most circumstances, the catheter will be much smaller than the conjoint 

20 disk, e.g., an occluding device 10 having a conjoint disk 50 with a 10 mm diameter 
may deployed through a catheter C having a lumen of 3 mm or less in diameter. 
As a consequence, the flexible conjoint disk and its collapsible periphery will be 
distorted significantly as it is withdrawn into the catheter. This buckling and 
folding of the conjoint disk results in an uneven application of force to the 

25 membrane. With a peripheral frame such as that used in the Das septal defect 
closure devices, this makes the collapse of the distal frame relatively difficult and 
somewhat unpredictable. 

The present inventors do not have clinical experience with the devices 
proposed by Simon in US Patent 5,741,297 or by Shaw et al. in US Patent 
30 5,879,366. However, it appears that these devices would suffer from some of the 
same disadvantages in retracting the distal part of the device into a catheter or 
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proximally through the septum. In both devices, the connection between the two 
membranes is relatively narrow and is spaced well away from the wire used to 
open the membranes against the septum. In the Simon device, this problem may 
be addressed in a different fashion by using a single wire to form the arms used to 
5 deploy both disks - perhaps by retracting this wire, one can draw both 
membranes into the catheter. The success of such an attempt is far from certain, 
though. 

The attachment point 70 between the two fluoropolymer sheets in the Shaw 
et al. device is spaced inwardly of the frame (as best seen in Figure 6B). In this 
10 regard, the Shaw et al. device is directly analogous to the Das occluder and is 
likely to suffer essentially the same difficulties in reliably collapsing the wire on the 
distal side of the defect back into a catheter in a controlled fashion. 

The septal defect occlusion device 10 of the invention addresses these 
difficulties by positioning the flexible joints 40 of the distal frame 34 within the 
conjoint disk 50. When the proximal disk is collapsed into the catheter C (Figure 
10) and tension is applied to the drawstrings, the conjoint disk will begin to 
collapse down into the catheter. Since the joints 40 are retained within (and, in 
this embodiment, physically stitched to) the conjoint disk, drawing proximally on 
the conjoint disk pulls more or less directly on more localized, flexible areas of the 
20 distal frame 34. This causes the distal frame to begin collapsing at the flexible 
joints 40. As a consequence, the petals of the distal disk 30 will bend upwardly 
toward one another (i.e., away from the direction of the septum S), as illustrated in 
Figure 13. The distal end of the catheter will act against the loops 36 of the frame 
34 to further collapse the petals in a controlled, orderly fashion. 

25 This is a remarkable improvement over the Das device and the expected 

behavior of the Simon device. In those devices, collapse of the distal disk by the 
catheter is indirect and not very controlled. In contrast, a septal defect occlusion 
device of the invention having flexible joints retained within a flexible joining 
segment attaching the two membranes to one another can be retracted reliably 

30 and reproducibly. This enables a physician to fully deploy the device in a septal 
defect or other abnormal body opening with confidence that he or she can 
reposition or withdraw the device if its initial deployment is unsatisfactory. 



WO 01/17435 PCT/US99/20430 

16 

While a preferred embodiment of the present invention has been described, 
it should be understood that various changes, adaptations and modifications may 
be made therein without departing from the spirit of the invention and the scope of 
the appended claims. 
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WHAT IS CLAIMED IS: 

1 . A septal defect closure device comprising a first occluding disk having a 
first flexible membrane attached to a first frame and a second occluding 
disk having a second flexible membrane attached to a separate second 
frame; the first frame having at least two outwardly extending loops joined 
to one another by flexible joints, the loops being attached to the first 
membrane to define taut fabric petals when the first disk is in a deployed 
configuration; a central portion of the first membrane being attached to the 
central portion of the second membrane to define a conjoint disk, the 
flexible joints of the first frame being received within the conjoint disk. 

2. The septal defect closure device of claim 1 wherein the flexible joints are 
received between the first and second membranes within the conjoint disk. 

3. The septal defect closure device of claim 1 wherein the first membrane is 
attached to the second membrane via stitching, at least one stitch covering 
a portion of the first frame to retain the flexible joint within the conjoint disk. 

4. The septal defect closure device of claim 3 wherein at least one stitch 
passes through an orifice in at least one of the flexible joints. 

5. The septal defect closure device of claim 1 wherein at least one of the 
flexible joints is stitched to the first membrane within the conjoint disk. 

6. The septal defect closure device of claim 1 wherein at least one of the 
flexible joints is stitched to the first and second membranes within the 
conjoint disk. 

7. The septal defect closure device of claim 1 wherein the frame of the 
second disk is attached to the second membrane entirely outside the 
conjoint disk. 

8. A septal defect closure device comprising first and second occluding disks, 
each disk comprising a flexible, biologically compatible membrane and a 
frame for elastically deploying the membrane; a central portion of the 
membrane of the first disk being joined to a central portion of the 
membrane of the second disk to define a flexible joining segment having a 
collapsible periphery; the frame of the first disk and the frame of the second 
disk each being formed from separate length of resilient wire; the frame of 
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the first disk in a deployed configuration defining at least two petals joined 
to each other via at least two flexible joints, the petals extending outwardly 
from the joining segment to elastically deploy the membrane attached 
thereto and the flexible joints being positioned within the periphery of the 
joining segment. 

9. The septal defect closure device of claim 8 wherein the frame of the 
second disk is attached to the second membrane entirely outside the 
joining segment. 

10. The septal defect closure device of claim 8 wherein the joining segment 
comprises a conjoint disk formed by attaching the first membrane directly to 
the second membrane, the flexible joints of the frame of the first disk being 
held between the first and second membranes of the conjoint disk. 

11. A septal defect closure device comprising a first occluding disk having a 
first flexible membrane attached to a first frame and a second occluding 
disk having a second flexible membrane attached to a separate second 
frame; a central portion of the first membrane being joined to the central 
portion of the second membrane to define a flexible joining segment having 
a collapsible periphery; the first frame being attached to the first membrane 
such that in its deployed configuration it will define at least two petals of 
taut fabric joined to each other by at least two flexible joints, the flexible 
joints being positioned within the periphery of the joining segment. 

12. The septal defect closure device of claim 1 1 wherein each of the petals of 
taut fabric comprises an outwardly extending loop of the first frame to which 
a portion of the first membrane is attached. 

13. The septal defect closure device of claim 12 wherein the loop extends from 
a position adjacent the periphery of the joining segment to a position 
adjacent the periphery of the first membrane. 

14. The septal defect closure device of claim 11 wherein the second frame is 
attached to the second membrane such that in its deployed configuration it 
will define at least two petals of taut fabric joined to one another by at least 
two flexible joints, the flexible joints of the second frame being positioned 
within the periphery of the joining segment. 
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5. The septal defect closure device of claim 14 wherein each of the petals of 
taut fabric defined by the first frame comprises an outwardly extending loop 
of the first frame to which a portion of the first membrane is attached and 
each of the petals of taut fabric defined by the second frame comprises an 
outwardly extending loop of the second frame to which a portion of the 
second membrane is attached. 
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